Two female patients presented with gummy smile, maxillary dentoalveolar protrusion and total vertical maxillary excess, retroclined incisors, and increased overbite received orthodontic camouflage with straight-wire mechanics by general dentists. The treatments caused severe bowing of upper occlusal plane which aggravated the gummy smile and had led them to seek specialist care. They were successfully managed by orthodontic camouflage and combined surgical-orthodontic treatment, respectively, in conjunction with the application of miniscrews on straight-wire mechanics. Aggravation of gummy smile by straight-wire mechanics, use of visual treatment objective to differentiate between orthodontic camouflage and surgical cases, and LeFort I segmentalization were discussed.
Introduction
Gummy smile is defined as an excessive display of gingiva when patient smiles. [1] However, defining excessive gingival display is highly subjective. Gingival display of more than 2-3 mm are generally indicated for treatment when patient considers it as an esthetic issue. [2] There is a list of causes of gummy smile [3] and total vertical maxillary excess [4] is one of them. Maxillary dentoalveolar protrusion, when associates with total vertical maxillary excess, complicates the management of gummy smile as dentolalveolar hyperplasia in both sagittal and vertical dimensions have to be addressed.
Combined surgical orthodontic therapy is the gold standard for treatment as it demonstrated good result with long-term stability. [4] [5] [6] [7] However, cost and surgical fear are common reasons which hinder its acceptance. [8] Orthodontic camouflage with conventional straight-wire mechanics can be a viable option if it is intended to accept gummy smile and protrusion while improving dental alignment. [9, 10] On the other hand, if it aims to correct the protrusion by maximum retraction of incisors, there are risks of aggravating gummy smile and opening the bite as the mechanics tends to extrude the teeth. In the circumstances, skeletal anchorage such as orthodontic miniscrew is required for dental intrusion in avoidance of the complication. [10] [11] [12] As orthodontic camouflage with miniscrew anchorage becomes an alternative solution and gains its popularity in the past decade, that is, the question when it comes to when a case should be treated by surgery or its alternative.
This article described the management of two young female adults who presented with gummy smile caused by total vertical maxillary excess in association with maxillary dentoalveolar protrusion. They were treated initially by orthodontic camouflage in conventional straight-wire mechanics with poor results. The problems were subsequently managed successfully by orthodontics camouflage with miniscrew anchorage and surgery, respectively [ Figures 1-4 ]. The choice of treatment was aided by the construction of visual treatment objectives (VTO) which illustrated the difference in their extra-oral features, basal relationship, and occlusion.
Case Reports Case 1

Case history
The patient was a 27-year-old female requested orthodontic treatment from the first author with a chief complaint of worsening of gummy smile and lack of progress of the ongoing orthodontic treatment which was carried out by a general dentist. Extra-oral examination revealed convex profile, protrusive maxilla, retrusive mandible, increased incisal exposure at rest, and gummy smile and Tables 1, 2 ]. In sagittal dimension, she presented with Class I molar and canine relationship with retroclined upper and lower incisors. Skeletal Class I base with protrusive maxillary dentoalveolar process was recorded. In the vertical dimension, she presented with total vertical maxillary excess, increased overbite due to increased curve of Spee, and overeruption of upper incisors. There was incomplete overbite meaning that upper and lower incisors presented with vertical overlap without interocclusal contact. In the transverse dimension, upper dental midline deviated to the right side. In addition, roots of upper incisors perforated the labial plate of dentoalveolar process which led to root resorption [ . Upper lateral incisors were restored by ceramo-metallic crowns. Stainless steel round archwires showed excessive bowing. All first premolars were extracted with partial space closure.
Treatment objectives
VTO was constructed on the pretreatment lateral cephalogram [ Figure 9 ]. The upper incisor was intruded and retracted 4 mm, respectively, to normalize the incisal exposure at rest, overjet, and overbite. Upper first molar was intruded 2 mm to maintain the occlusal plane after the change of upper incisor position [ Table 3 ]. It served as a template to guide the tooth movement and revealed the need of orthodontic miniscrew to achieve the objectives.
Treatment alternatives
The patient was informed about options of combined surgical orthodontic treatment with impaction and setback of the maxilla and orthodontic camouflage with miniscrew anchorage. As the treatment was started in 2006, when miniscrew anchorage was not a standard treatment modality at that time, the patient was informed about the experimental nature of the camouflage option. Furthermore, she understood that the combined surgical orthodontic therapy might be needed if the camouflage option failed to achieve the objectives.
Treatment progress
1. First surgical placement of orthodontics miniscrews for intrusion and proclincation of upper incisors Orthodontic miniscrews 1O16107 (ORLUS™, Ortholution co. Ltd) were inserted at 12 and 22 distal labial regions at the mucogingival junction under local anesthesia. Powerchains connected the miniscrews to the brackets of 11 and 21. The line of force application tended to intrude and procline the upper 3-3 segment [ Figure 10 ] 2. Leveling and alignment by straight-wire mechanics
The previously bonded brackets were gradually replaced to 0.022" slot straight-wire appliance (Clarity™ bracket, 3M Oral care) in MBT™ prescription. The archwires were changed progressively from 0.016", 0.017" × 0.025" heat-activated NiTi to 0.018" × 0.025" stainless steel [ Figure 10 ] 3. Second surgical placement of orthodontics miniscrews When all the teeth were aligned with 0.018" × 0.025" stainless steel archwires, the miniscrew which were inserted distal labial to 12 and 22 were replaced by a miniscrew SH1312-07 (AbsoAnchor ® , Dentos Inc.) inserted between upper and lower central incisors at the base of maxillary frenum insertion under local anesthesia [ Figure 11 ]. The replacement aimed to prevent the roots of upper lateral incisors from hitting the miniscrews during further incisor retraction. Other orthodontic miniscrews (ORLUS™, Ortholution co. Ltd) were inserted at 16, 26 mesial buccal regions 7 mm from the archwire at the mucogingival junction (1O16107); 16, 26 distal palatal regions 9 mm from the gingival margin (1O18208). After 10 months of intrusion and retraction of upper incisors, the miniscrew between central incisors were inserted deeper into the alveolar process as it extruded relatively to the remodeled dentoalveolar process which irritated the upper lip 4. Installation of palatal arch and intrusion of upper dentition, retraction of upper incisors and space closure A palatal arch made by 0.036" stainless steel with two spurs soldered at the 15 and 25 regions was installed [ Figure 11 ]. Sliding mechanics was used for space closure. Powerchains were applied from the miniscrews of 16 and 26 distal palatal regions to the spurs for retraction and intrusion of upper dentition and lingual cleats at 17 and 27 for intrusion of palatal cusps. The palatal arch counteracted the moments of the intrusion force which produced palatal crown torque at 16 and 26. Power tube™ (Ormco Corporation) was applied from the miniscrew between upper central incisors to the archwire to intrude and procline the upper anterior teeth. Excessive proclination of incisors were prevented by retracting the upper incisors with power chains which were applied from the miniscrews at 16 and 26 mesial buccal regions to the crimpable hooks (6 mm height) located between the lateral incisors and canines. The details of biomechanics were described in an article which was previous published by the first author. [13] The upper archwire was stepped up at the upper incisors regions to reduce the interincisal interference during the final stage of retraction [ Figure 12 ]. Lower arch space closure was done by sliding mechanics by reciprocal anchorage 5. Finishing and detailing
The case was finished with 0.018" stainless steel archwire and enamel stripping of upper incisors.
Treatment result
Total orthodontic treatment time was 24 months. The treatment result met the objectives [ . Molar and canine relationships were finished into full unit class I, overjet changed from 5 mm to 2 mm. Upper incisor angulation changed from 100° to 102°. ANB reduced from −2° to −1° [ Table 2 ]. Cephalometric superimposition revealed retraction of upper and lower incisors, intrusion of upper dentition, and counterclockwise rotation of the mandible [ Figure 16 ]. There was no further root resorption of upper incisors [ Figure 17 ].
Retention plan and posttreatment change after 10-year follow-up
A pair of Hawley retainers were prescribed. The patient was instructed to wear them full time for the first 6 months and then continued with night time wear for lifetime. She wears her retainers occasionally.
The patient was recalled once a year until she became too busy after delivery of her first child. In the recent recall which is 10 years after debonding, it does not show significant relapse on the tooth position despite she has given up wearing retainers [ . Superimposition of posttreatment and 10 years' retention lateral cephalograms reveals 2-mm downward movement of maxillary dentition and clockwise rotation of mandible. On the other hand, the patient's profile and the amount of incisal exposure at rest and lip separation are maintained which can be explained by the fact that lengthening of upper lip due to aging has offset the posttreatment change of the dentition.
[14] 
Case history
The patient was a 24-year-old female requested treatment of a worsening of gummy smile. She also received orthodontic treatment by a general dental practitioner, and all the first premolars were extracted. She presented with similar dentofacial deformities and malocclusion as case 1. On the other hand, her skeletal base was class 2 with acute nasal labial angle and more severe incisal exposure at rest and lip separation which indicated that her total vertical maxillary excess was more severe than case 1 [ Figures 21-23] ; her mandible was retrusive with chin deficiency despite a normal mandibular length. It was due to clockwise rotation of mandibular which was secondary to total vertical maxillary excess. Molar and canine relationships were 
Treatment objectives
Comparing the VTO of case 2 to case 1, the amount of retraction of upper incisors which was needed was minimal [ Figure 9 ]. Hence, it did not allow lengthening of the upper lip in response to upper incisor retraction to reduce rest incisal exposure. Therefore, more upper incisor and molar intrusions were required which indicated that case 2 presented with more severe maxillary vertical excess and less dentoalveolar protrusion comparing to case 1 [ Table 3 ]. Furthermore, the patient required more molar intrusion to improve lip separation and allow more chin advancement in response to counterclockwise rotation of the mandible.
Treatment alternatives
Considering the amount of intrusion of upper molars and incisors which were required [ Table 3 ], orthodontic camouflage with miniscrew anchorage was not considered to avoid excessive amount of root resorption, especially when the patient had already experienced root resorption of upper incisors. As such, she was advised only to combined surgical orthodontic treatment and was referred to the second author. Joint orthodontic-orthognathic consultation meeting was held to establish the treatment objectives and treatment plan between two specialties.
Treatment progress
Presurgical orthodontics 1. Leveling and alignment by straight-wire mechanics After the 37 was retreated endodontically, she was strapped up with 0.022" slot straight-wire appliance (SmartClip™ SL3 Self-Ligating bracket, 3M Oral care) in MBT™ prescription [ Figure 25 ]. The archwires were changed progressively from 0.016", 0.017" × 0.025" and 0.021" × 0.025" heat-activated NiTi to 0.019" × 0.025" stainless steel 
Surgical placement of orthodontics miniscrews
When all the teeth were aligned with 0.017" × 0.025" heat-activated NiTi archwires, orthodontic miniscrews (ORLUS™, Ortholution Co. Ltd) were inserted at 16 and 26 mesial buccal regions 7 mm vertically from the archwire at the mucogingival junction (1O16107); 16, 26 distal palatal regions 9 mm from the gingival margin (1O18208) and between upper and lower central incisors (1O14107) at the base of maxillary frenum insertion after frenectomy by diode laser (Ezlase, Biolase USA). The procedure was done under local anesthesia [ Figure 25] 
Uprighting and intrusion of upper incisors and intrusion of upper second molars
Power chain was applied from the miniscrew between upper central incisors to the archwire to intrude and procline the upper anterior teeth. Intrusion of 17 and 27 was done by the leveling with progressively increase in size of NiTi and eventually stainless steel archwires on the buccal side [ Figure 26 ]. The reciprocal extrusion force was expected to be counteracted by the occlusion and the power chains which were applied passively from the miniscrews of 16 and 26 mesial buccal region to the archwire. Intrusion of the palatal cusps of 17 and 27 was performed by applying power chains from the palatal buttons to the miniscrews at 16 and 26 distal palatal region. Opening coils were inserted between canines and second premolars when the upper teeth were leveled to further procline the upper incisors. The teeth were splinted with stainless steel 0.019" × 0.025" archwire and all the miniscrews were removed before surgery 4. Uprighting of 48 48 was left out from the leveling at the initial stage. It was uprighted separately with 20g of force by a 30 mm 0.017" × 0.025" beta-titanium cantilever [ Figures 26 and 27 ]. The point of contact was located between 43 and 45 to correct mesial tipping. The rest of the teeth were splinted by 0.019" × 0.025" stainless steel wire which served as an anchorage unit. The stainless steel wire extended to 48 after uprighting before surgery [ Figure 28 ].
Orthognathic surgery
The second joint orthodontic-orthognathic consultation meeting was held to confirm the amount of surgical movement and estimated improvement on facial esthetics by reviewing the model surgery which was done by the second author. Acrylic splint was fabricated accordingly to guide the surgery.
The surgical treatment performed was LeFort I osteotomy with segmentalization into four pieces for maxillary impaction and correction of the dentoalveolar protrusion.
Incision
An incision was made in the buccal vestibule approximately 1 cm above the junction of fixed and mobile mucosa.
The incision was kept as limited as possible and curves slightly upward at the level of the second premolar. The mucoperiosteum was reflected to expose the nasal aperture and the canine fossa. The mucoperiosteum in the posterior area was reflected all the way to the junction of tuberosity and pterygoid plate by tunneling. The nasal mucosa was lifted from the nasal floor using a small periosteal elevator or freer.
The bone cuts Two marking holes were made with small burr around the canine area on both sides which were aligned vertically. They were used to measure the amount of impaction of the maxilla. The osteotomy was begun by making bone cuts running from the nasal aperture to the tuberosity with a saw and a fine fissure burr, the level of the horizontal cut in the lateral nasal wall was marked and worked from posterior to anterior. The cut included the zygomatic buttress. Posterior to the buttress the cut was completed with a small osteotome that was tapped posteriorly until resistance was felt from the pterygoid plate. To achieve maxillary impaction, a second bone cut was made parallel to the first taking into account the amount of impaction that was required. The lateral nasal wall and the nasal septum were then cut with osteotome. Posterior separation was achieved also with an osteotome that was gently driven through the maxillary tuberosity.
Down fracturing and segmentalization
The maxilla was down-fractured and mobilized after completion of the bone cuts. The fragment was made sure to be tension-free enough for repositioning to the desired position. Additional bone cuts were made thru the midline of the palate to the frontal alveolar process as well as between the canines and 2 nd premolars to facilitate segmentalization into four pieces [ Figures 29 and 30 ].
Fixation
The maxillary fragments were maneuvered into the desired position on the surgical splint and temporarily fixed to the mandible with rigid intermaxillary fixation (IMF).
The maxillomandibular complex was then placed in the correct position and fixated with mini plates. The fixation was done around the nasal aperture and at the zygomatic buttress [ Figure 31 Since the molar relationship on the right side had slight class 3 tendency, 46 was not allowed to move distal more than 2 mm when closing the 7 mm space at 47 region. Therefore, the space closure was planned to address the need of minimal anchorage. First of all, the patient was instructed to wear class II elastics (4 1/2 oz. 5/16"). Second, sliding mechanics was performed in simple anchorage with the 48 moved mesially against the intra-arch anchorage unit which was 46, 45, 43, and incisors. Last but the least, as the space closure force delivered by the power chain would tend to tip the crowns of anchorage unit distal to the extraction space, differential moments anchorage [15] [16] [17] [18] [19] was applied [ Figures 32 and 33] . It was done by replacing bracket of 45 and 43 to Tip-edge Plus (TP Orthodontics, Inc.) and sidewinders were inserted to deliver moments which actively tipped the crowns mesial. [20] At the same time, 20° lingual root torque was incorporation on the archwire at the incisors region which again prevented the crowns from tipping distal in response to the force of space closure.
Treatment result
Total orthodontic treatment time was 32 months. The treatment result met the objectives [ Figures 34-36 ]. Molar and canine relationships were finished into full unit class I on the right and slight class II tendency on the left, lower midline had shifted 1 mm from the upper arch; overjet changed from 4 mm to 2 mm. Upper incisor angulation changed from 91° to 106°. SNB was increased from 79° to 81°. SNA and ANB reduced from 88°-87° to 9°-6°, respectively [ Table 2 ]. Cephalometric superimposition revealed uprighting of upper incisors, impaction of maxilla, and counterclockwise rotation of the mandible [ Figure 37 ]. There was no further root resorption of upper incisors [ Figure 38 ].
Retention plan and posttreatment change after 5-year follow-up
Retention regimen was the same as case 1. She was followed up until 1 year after treatment. In the recent review which is 5 years after treatment, no significant change on occlusion is noticed [ Figures 39-41] . The patient wears her retainers regularly. Cephalometric superimposition reveals no significant change in basal bone relationship, overjet, and overbite while the occlusal interdigitation is improved [ Figure 41 ].
Discussion
Aggravation of gummy smile by straight-wire mechanics Extraction of upper first premolars and space closure with maximum anchorage is a common way to correct maxillary dentoalveolar protrusion. [21] During retraction of upper incisors, they tend to tip distal at their apex and extrude the incisal edge initially in response to the force of space closure during sliding mechanics. Subsequently, the teeth will be uprighted, and the incisal edges will be intruded at least partially by the resiliency of the archwire. [22] This process, however, can be prevented by the extensive use of class II elastics as it produces a force system which extrudes the upper incisors and rotates the upper occlusal plane in clockwise direction [ Figure 42 ]. [10, [22] [23] [24] This side effect can produce disastrous result for the patient who presents also with vertical maxillary excessive and increased incisal exposure at rest before treatment which are associated with the gummy smile. [25] It is very likely the reason why our reported cases compliant about aggravation the gummy smile by the previous orthodontic treatments
Use of visual treatment objective to determine movement of molars and incisors to achieve the best esthetic outcome and explore treatment options
In this case report, use of VTO played a crucial role in finding the best treatment option for each patient. [22, 23, 26, 27] The procedure started by moving the upper incisor to the correct position in space which was based on the pretreatment esthetic soft-tissue measurements [25, 28, 29] and biological limit.
[30]
For instance, in case 1, rest incisal exposure was reduced from 8 mm to 2 mm which is the lower limit of the norm (2-4 mm) [25] for young female to improve gummy smile on VTO. It was done by retracting of upper incisor 4 mm which was expected to lengthen upper lip approximately 2 mm and intrusion of upper incisor 4 mm [ Table 3 and Figure 9 ]. The root of upper incisor was placed in the middle of alveolar process in good inclination in the middle of alveolar process. For case 2, since the upper incisor edge was in the correct position in sagittal dimension as recorded during clinical examination, the rest incisal exposure had to be corrected from 10 mm to 2 mm solely by intrusion. It was decided that 8 mm of apical movement should be achieved surgically to prevent severe root resorption.
After confirming the position of upper incisors, the next step would be to confirm the vertical position of upper first molars. It was based on the occlusal plane and the amount of lip separation. For case 1, upper first molar was intruded 2 mm to restore the correct occlusal plane inclination with reference to Frankfort horizontal plane after upper incisor was intruded 4 mm. It induced counterclockwise rotation of the mandible which together with the retraction of upper and lower incisors, lip separation would be expected to improve significantly. For case 2, upper first molar was intruded 4 mm to match with the planned 8 mm intrusion of upper incisor. It produced more counterclockwise rotation comparing to case 1. The improvement of lip separation would also be improved by retraction of lower incisors.
Next, lower incisor was positioned to achieve normal overjet and overbite in good inclination. Once again, the position of the root should be placed in the middle of the alveolar process. Otherwise, position of upper incisors and molars must be reconsidered, or surgical movement of mandible would be considered to avoid placing the root of lower incisors outside the alveolar bone support.
Finally, change of occlusion which was based on the VTO was reviewed on the dental model for anchorage planning. The VTO can be modified accordingly to address different anchorage need. Since the cases which are presented here were planned 12 years (Case 1) and 8 years (Case 2) ago, the VTOs were done manually. Nowadays, cephalometric software (Dolphin Imaging and Management Solutions) and digital occlusogram software (True3D occlusogram, IOSS GmbH) [13, 31] can be applied so that the above-mentioned procedures can be repeated digitally to explore different options in a much faster and easier way. Nevertheless, the basic principles and procedures remain the same.
LeFort I segmentalization
The classic treatment for total vertical maxillary excess is LeFort I osteotomy for maxillary impaction to correct the excessive incisal exposure. [7] This could be easily achieved by repositioning a single piece of maxillary fragment superiorly. However, since case 2 also presented with dentoalveolar protrusion, vertical impaction solely would not improve the upper lip profile.
To correct the nasolabial angle, retraction of the anterior alveolar process was necessary. Therefore, segmentalization of the LeFort I segment was indicated; it is usually accompanied with the extraction of the maxillary first premolars. The anterior alveolar process was then setback into the space created from the extraction sockets.
Certainly, as the previous orthodontic camouflage treatment by general dentist caused significant mesial drift of upper molars during retraction of incisors (anchorage loss). The available space for anterior alveolar process setback was reduced which had imposed additional difficulty to the surgery. Therefore, the complete correction of the protrusive alveolar process could only be accomplished by setback of the whole maxilla by removing the maxillary tuberosities and even the pterygoid plates in this case. Care must be taken during the osteotomy to avoid profound bleeding from the pterygoid plexus.
In conclusion, extraction of maxillary premolars in presurgical orthodontics should be avoided in cases of maxillary dentoalveolar protrusion as the space loss would increase the difficulty of surgery and induce potential serious complications. On the other hand, preservation of anchorage by avoiding mesial drift of upper molars is very important if extraction of the maxillary premolars is necessary for presurgical orthodontic alignment.
Conclusion
Combined surgical orthodontic therapy and orthodontic camouflage with miniscrew anchorage are viable options to manage total vertical maxillary excess and maxillary dentoalveolar protrusion. VTO is a useful tool to differentiate surgical and camouflage cases. Treatment results are stable in long-term follow up in both approaches.
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